Osteopontin promotes mesenchymal stem cell migration and lessens cell stiffness via integrin β1, FAK, and ERK pathways.
The use of mesenchymal stem cells (MSCs) for therapeutic applications has attracted great attention because MSCs home to and engraft to injured tissues after in vivo administration. The expression of osteopontin (OPN) is elevated in response to injury and inflammation, and its role on rat bone marrow-derived mesenchymal stem cells (rMSCs)-directed migration has been elucidated. However, the signaling pathways through the activation of which OPN promotes rMSCs migration and the involvement of cell mechanics during OPN-mediating rMSCs migration have not been well studied. In this study, we found that OPN activated focal adhesion kinase (FAK) and extracellular signal-regulated kinase (ERK) signaling pathways by the ligation of integrin β1 in rMSCs. Inhibitors of FAK and ERK pathways inhibited OPN-induced rMSCs migration, indicating the possible involvement of FAK and ERK activation in OPN-induced migration in rMSCs. In addition, atomic force microscopy analysis showed that OPN reduced cell stiffness in rMSCs via integrin β1, FAK, and ERK pathways, suggesting that the promotion of rMSCs migration might partially be contributing to the decrease in cell stiffness stimulated by OPN. To further examine the role of OPN on cell motility and stiffness, actin cytoskeleton of rMSCs was observed. The reduced well-defined F-actin filaments and the promoted formation of pseudopodia in rMSCs induced by OPN explained the reduction in cell stiffness and the increase in cell migration. The current study data have shown for the first time that OPN binding to integrin β1 promotes rMSCs migration through the activation of FAK and ERK pathways, which may be attributed to the change in cell stiffness caused by the reduction in the amount of organized actin cytoskeleton.